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An unusual type of acquired resistance of growing animals to infec- 
tion  with  certain  neurotropic  viruses  was  described  in  a  previous 
communication  (1).  This  resistance  was  associated  neither  with 
prior  exposure  to  infection, nor with  antiviral bodies in  the  blood. 
Moreover, it was demonstrable when the virus was injected by periph- 
eral  routes  but  not  when  inoculated  directly  into  the  brain.  It 
appeared, therefore, that certain changes in the host, associated with 
or the result of the process of growth, could either modify or  com- 
pletely suppress the effects of peripherally inoculated virus.  The pur- 
pose of the present investigation was to determine the mechanism of 
this resistance and to ascertain as far as possible the nature of the host 
changes responsible for it. 
Methods 
For  an  analysis of  the  factors underlying the  resistance of older 
animals  to  peripheral  inoculation of  the  neurotropic  viruses  under 
investigation, it was necessary to know in each instance how the virus 
acted in animals succumbing to infection, i.e.,  (a)  whether or not a 
primary  phase  of  systemic infection was  induced;  (b)  from  which 
tissues and by what routes it spread  to the central nervous system 
(C.N.S.);  and  (c)  what course it pursued after the latter had been 
* Preliminary communication  presented before the Joint Meeting of the Ameri- 
can Association of Immunologists  and The American Association of Pathologists 
and Bacteriologists, April 9, 1936; for abstract see Am. J. Path.,  1936, 12,  738; 
J. lmmunol, 1936, 30, 398. 
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invaded.  The  primary  objective,  therefore,  was  to  obtain  precise 
data  on  the  pathogenesis  of  the  experimental  disease  in  susceptible 
animals, and at the same time to determine the variations associated 
with  natural  resistance. 
Virus and  Animals.--The present study was carried out with the immunolog- 
ically distinct New  Jersey and  Indiana strains  of  vesicular stomatitis virus in 
Rockefeller Institute  albino mice  of  known  ages.  Unless  otherwise  indicated, 
freshly passaged virus was used.  The brains of two  or three mice succumbing 
FIG. I.  Dorsal and ventral aspects of mouse brain.  O.B., olfactory bulb; T.O., 
tuberculum olfactorium; L.P., lobus pyriformis; M.B., mammillary body; line A, 
line along which  the  brain  was  sectioned into  anterior rhinencephalon  and  re- 
mainder of the brain. 
after intracerebral injection were ground  with  alundum  and  sufficient hormone 
broth  to make a  10 per cent suspension.  The supernatant  fluid obtained after 
horizontal centrifugation at about 2,000  R.P.M. for I0 minutes was designated as 
the 1 : 10 dilution of virus.  The virus suspension was titrated in each experiment 
to establish the approximate number of minimal cerebral lethal doses (~.c.L.o.) 
which were inoculated into animals.  Dilutions of 10 4 , 10 4 , and 10 -7 were given 
intracerebrally to groups of two or three mice for each dilution (0.03  cc. for each 
mouse).  Death  within  10  days of one  animal  with  characteristic signs of en- 
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Tests for  Virus in  Inoculated  Animals.--Mice  sacrificed at  various  intervals 
after inoculation were anesthetized and bled to death by cardiac puncture.  Blood 
to be  examined  for. virus  content  was  drawn  into  a  sterile  syringe  containing 
heparin.  The presence of virus in various tissues  was determined by grinding 
them in broth, usually without alundum, and by injecting 0.03  cc. of the whole 
suspensions, or their dilutions, into the brain of each of two or three mice (3 to 4 
weeks old animals were used in tests for virus and for titrations).  Mice dying 
within 24 hours were discarded, since death proved to be due to injury or bacterial 
contamination.  When mice became ill or died within 10 days, film preparations 
of their brains were examined for organisms; if none was seen, passage was fre- 
quently made to establish that the virus was the cause of death.  Signs of enceph- 
alomyelitis developing later than 10 days, with one exception, proved not to be 
due to vesicular stomatitis virus.  In three different experiments  encephalomye- 
litis occurred 15 to 17 days after intracerebral inoculation of mouse blood in one 
instance and of mouse brain in the other two.  A virus was isolated from the first 
mouse, which after an intensive study proved to be similar to the virus of mouse 
spontaneous  encephalitis  described  by Theiler  (2).  In two  other  experiments 
animals developed marked circling and ataxia about  15 days after inoculation; 
neither bacteria nor virus was recovered from them. 
Methods o.f Examination oJ Nervous Tissues.--At this point it should be recalled 
that the gross anatomy of the brain of the mouse varies somewhat from that of 
the rat, guinea pig, and rabbit in the prominence of certain important landmarks. 
In the mouse the rhinal fissure is very faint, in places even indiscernible in fresh 
specimens,  and  extends  rather  more  dorsally,  so  that  the  entire  ventral  and 
ventrolateral  aspects of the  cortex to either side of the  diencephalic and  mes- 
encephalic structures and caudad to the optic chiasm constitute the pyriform lobes 
(Fig. 1).  Just anterior to the optic chiasm are the olfactory tubercles, represented 
by two protuberances which are much more prominent than in the other rodents. 
Since different parts of the brain were separately studied for virus content, care 
was taken to avoid contamination of one part with another when removing the 
organ from the cranial cavity.  Separate sterile instruments were used in obtaining 
particular structures. 
After nasal instillation, the brain was usually separated into two parts: it was 
cut at the level of the optic chiasm (line A, Fig. 1), obliquely, anteriorly, and ven- 
trodorsaUy.  The  anterior  portion,  hereafter  referred  to  as  "anterior  rhinen- 
cephalon," thus comprised chiefly the olfactory bulbs, tracts, and tubercles, por- 
tions of the remaining rhinencephalic cortex anterior to the optic chiasm, and parts 
of the corpus striatum.  The posterior portion, designated as "remainder of the 
brain," was made up of what was left of the brain, including the cerebellum, ports, 
and medulla. 
Test for Virus in Nasal Mucosa.--The skin was reflected aseptically and the 
entire nasal contents, mucosa, cartilage, and bone, were scraped out, taking care 
to leave the cribriform plate intact to avoid inclusion of olfactory bulb material. 
The scrapings were ground with alundum and 2 cc. of hormone broth, and cen- 
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bacteria.  The supernatant liquid and dilutions thereof in broth could be injected 
intracerebrally in mice without inducing bacterial meningitis. 
EXPERI-M'R.NTAL 
Distribution  of  Virus  in  Young  Mice  Succumbing  to  Infection  by 
Cerebral  or  Nasal  Routes.--The  purpose  of  this  experiment  was  to 
disclose any evidence of a  generalized infection at the termination of 
the  disease  in  young mice given the  virus  intracerebrally t  or  intra- 
nasally. 
TABLE  I 
Distribution of Vesicular Stomatitis Virus in Various Tissues of Mice Succumbing 
to Intranasat or Intracerebral Inoculation 
Tissue tested for virus 
Blood .................................... 
Lungs ................................... 
Spleen .................................. 
Liver .................................... 
Suprarenals  .............................. 
Sciatic nerves  ............................ 
From mice succumbing after 
Nasal instillation 
of V.S.-N.J. 
0, 0 
o,o 
o,o 
o,o 
o, o 
o, o 
2, 2 
Intr~,cerebral inoculation 
of V.S.-Ind. 
0, 0 
0,0 
0, 0 
0,0 
n.t. 
2, 2 
V.S.-N.J.,  V.S.-Ind.  =  vesicular stomatitis  virus,  New  Fersey or  Indiana 
strains. 
n. t.  -- no test was made. 
Numbers indicate the day of death of individual mice, 0 signifying survival. 
15 day old mice were inoculated intracerebrally or intranasaUy with the New 
Jersey or Indiana strains of virus.  Mice receiving virus in the brain died within 
2 days, and in the nose, within 5 days.  When prostrate, they were exsanguinated. 
The blood, lungs, spleen, liver, suprarenals, sciatic nerves, and brain from each of 
two mice were pooled and tested for virus.  Approximately 10 per cent suspensions 
of the organs in broth were used for injections into the brain. 
The  results  (Table  I)  indicate  that  among the  tissues  examined, 
only  the  brain  contained  virus.  While  this  experiment  does  not 
entirely  eliminate  the  possibility of a  mild infection of  some of  the 
organs  at  an  earlier  stage of the  disease,  particularly  in  the nasally 
1 All such operations were done with the aid of ether anesthesia. ALBERT  B.  SABIN  AND  PETER  K.  OLITSKY  19 
infected mice in which the disease lasted for 5 days, it offers no evidence 
that generalized infection occurred.  In the intracerebrally injected 
mice, in which the disease lasted only 2 days, there is little doubt that 
neither the spleen, liver, nor lung was attacked by the virus. 
Virus in Various  Tissues of Young and Old Mice at Intervals  after 
Nasal  InstiUation.--The  present  experiment was  designed to  show 
(a)  whether virus was demonstrable in the Mood at any time after 
nasal instillation of relatively large amounts (10  4 to 10  5 ~.C.L.D.);  (b) 
whether it multiplied at any time in the lung or spleen; (c) how soon 
it could be revealed in the C.N.S.; and (d) how the results obtained 
in the uniformly susceptible,  15 day old mice compared with those 
in 1 year old animals. 
15 day and 1 year old mice were given intranasally 0.03 cc. of 1  : 100 dilution of 
virus (105 ~r.C.T..D., N. J. strain).  At intervals indicated in Table II, two young 
and two old animals were sacrificed.  The blood or organ suspensions of the two 
mice from each group were  pooled and 0.03 cc. injected intracerebrally into each 
of three test mice.  On the 4th day after nasal instillation, the young animals 
showed signs of C.N.S. involvement and all of them were dead on the next day, 
while all the old ones remained well during the 6 days of the test. 
The experiment recorded in Table II presents the results of tests for 
virus in the blood, lung, spleen, and the olfactory brain anterior to 
the optic  chiasm including the bulbs.  Neither the young nor old 
mice exhibited virus in the blood examined at 3 to 5 minutes, 5 and 
24 hours, 2, 4, and 6 days after instillation.  Nor was virus found in 
the spleens of animals of both groups, on the 2nd, 4th, and 6th days. 
The lungs of old mice had no demonstrable virus, while a small amount 
was detected in these organs of the young in the 2nd, and none on the 
4th day.  Relatively large amounts (as expressed by the short incuba- 
tion period and death of all the test mice) were present in the anterior 
rhinencephalon of the young on the 2nd and 4th  days.  The striking 
finding was the recovery of virus from the anterior olfactory region of 
the old mice, apparently in small amount on the 2nd, and in  larger 
quantity on the 4th and 6th days. 
These results reveal again that no generalized systemic infection 
follows nasal instillation of the virus in either young or old mice, and 
that the C.N.S. is invaded in old mice, as well as in young animals that 
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Extent of Virus Invasion in the Central Nervous System of Young and 
Old  Mice  after  Nasal  Instillation.--In  the  preceding  experiment  in 
which only the rhinencephalon anterior to the optic chiasm was tested, 
it was disclosed that virus was present in this region in both young 
and  old  mice,  although  in  apparently  greater  concentration in  the 
TABLE  II 
Invasion of Various Tissues of Young and Old Mice at Different Intervals after 
Nasal Instillation of New Jersey Vesicular Stomatitis Virus 
Age of mice supplying tissues 
Tissue tested for virus* 
Heparinized blood 
Lungs 
Spleen 
Anterior rhinencephalon 
Time after nasal 
instillation  15 days 
Average weight, 
6.5 gm. 
3-5 min.  0, 
5 hrs.  O, 
24  "  0, 
2 days  0, 
4  "  0, 
6  u 
2  "  3, 
4  "  0, 
6  u 
2  "  0, 
4  "  0, 
6  ~t 
2  "  2, 
4  "  2, 
6  " 
0, 0 
0,0 
0, 0 
0, 0 
0, 0 
t 
6, 0 
O, 0 
? 
0, 0 
0, 0 
t 
2, 2 
2, 2 
t 
About 1 yr. 
Average weight, 
35 gin. 
0, 0, 0 
0,0,0 
0,0,0 
O,  O,  0 
O,  O,  0 
O, O, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
O, O, 0 
O, O, 0 
O, O, 0 
8, 0, 0 
2, 2, 8 
4, 4, 0 
Figures as in Table I. 
* Tissues from two mice were pooled for these tests. 
t Young mice were either dead or prostate from virus infection on 5th day~ so 
that none was examined for virus later than 5 days. 
former.  It was pointed out in the previous communication  (1)  that 
while most  1 year old mice are resistant  to nasal  instillation of the 
vesicular stomatitis virus, a certain number develop encephalomyelitis 
8  to  14 days after inoculation, and that of these some  survive  with 
persistent paralysis or other signs of encephalitis.  The number whose ALBERT  B.  SABIN  AND  PETER  K.  OLITSK¥  21 
resistance is reflected only in a delayed incubation period or survival 
has been found to vary in different groups of mice and to depend to a 
degree upon the quantity of virus instilled intranasally.  Thus, while a 
10 -a or 10 -4 dilution (about 10  3 or 10  3 M.C.L.D.) given by way of the 
nose is fatal for almost all 15 day old mice, it proved exceptional for 
one out of a group of ten I year old animals to succumb.  When 10  6 or 
more M.C.L.D. of virus  are instilled, the number of old mice which 
develop  encephalomyelitis increases.  In  different experiments  the 
number varied from one to five mice out of groups of ten.  It may be 
mentioned here  that resistance  to  intramuscular injection is  much 
more complete in that not a single old mouse of the many inoculated 
thus far has shown any signs of disease, even after inoculations of 10 
million cerebral lethal doses. 
For a  study of the fate of the virus in the C.N.S. of resistant old 
mice  inoculated  intranasally,  it  was  necessary  therefore  to  study 
material from individual mice rather than the pooled specimens from 
several animals, and also to investigate the course of events with a 
dose of virus which is  almost constantly fatal for  15  day old,  and 
almost  constantly ineffective in  1  year old  mice.  In  view of  the 
suggestion in  the preceding experiment that the brain  of resistant 
mice may be invaded by virus, it was desirable to determine whether 
it was present in the entire C.N.S. or limited to certain regions only. 
To investigate the latter point it was proposed to test for virus in 
two parts of the brain: (a)  the rhinencephalic cortex (including part 
of  the  corpus  striatum)anterior to  the  optic  chiasm,  and  (b)  the 
remainder of the brain including the cerebellum, pons, and medulla. 
15 day and 1 year old mice which received  intranasany 0.03 co. of 10  -~ dilution 
of the N. J. strain of virus (10  ~ to 105 M.CJ..D.) were sacrificed at the following 
intervals after instillation: 3 to 5 minutes, 5 hours, and 2, 3, 5, 7, 10, and 16 days. 
All the young mice showed signs of encephalitis  on the 4th, and were either dead 
or prostrate on the 5th day, so that none of them was examined  for the presence of 
virus later than 5 days.  None  of the 1 year old mice which were sacrificed for 
these tests exhibited any signs of disease. 
Another group of 15 day old and 1 year old mice was given 0.03 co. of 10  -s 
dilution of the same virus suspension (10  a to 104 M.C.L.D.) in the nares, and individ- 
uals were sacrificed at 2, 3, 5, 7, and 10 day intervals.  Here again the young 
succumbed on the 5th day, while  none of the old animals showed  signs of disease. 
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brain in I cc. of broth.  Good emulsification of tissue was secured without the use 
of an abrasive and centrifugation was not needed.  0.03  cc. of the tissue suspension 
was injected  intracerebrany into each of three mice, so that with the material 
derived  from  the anterior  rhinencephalon  suspended  in 0.3 cc., it was expected 
that the virus could be detected when 10 ~x.C.LD., or perhaps even less, were pres- 
ent.  The tissue comprising the remainder of the brain, on the other hand, would 
necessarily have to contain 30 ~s.C.L.D. or thereabout before virus might b  e demon- 
strable. 
The results  shown in Table III indicate  that after nasal instillation  of l04 to 
105 x~.C.LD., no virus was demonstrable  in the brains of young or old mice at 3 to 5 
minutes,  or at 5 hours.  2 days after instillation  the anterior rhinencephalon  of 
the 15 day old animal yielded abundant virus,  while the remainder  of the brain 
had but a trace, i.e., enough to induce fatal infection in only one of the three mice 
injected.  On the 3rd and 5th days, apparently large amounts of virus were found 
in both parts of the brain of the young animals.  A somewhat different course of 
events appears  to have taken place in the old mice which were given the same 
amount of virus intranasally.  Again no virus was demonstrable  in either portion 
of the brain at 3 to 5 minutes,  or at 5 hours.  On the 2nd and 3rd days it was 
easily detectable  in the anterior rhinencephalon but not at all in the remainder of 
the brain.  On the 5th day virus was present in the anterior rhinencephalon  and 
probably, in somewhat  greater concentration than before  (as evidenced  by the 
shorter incubation period in all three test mice), while only a trace was found in 
the remainder of the brain (only one of the three test mice succumbing).  On the 
7th day one mouse showed no virus in either part of the brain,  while in another 
animal it was present in both parts.  No virus was demonstrable  in the brains of 
old mice 10 and 16 days after instillation. 
The results  obtained with the group of animals which was instilled with one- 
tenth the amount of virus (10  3  to 10  4  x~.c.~.I~.) were similar and more clear cut.  In 
the 15 day old mice abundant virus was present in the anterior rhinencephalon  on 
the 2nd day, while none was demonstrable  in the rest of the brain.  On the 3rd 
and  5th  days both parts  of the brain  showed  considerable  amounts  of virus. 
Among the 1 year old animals, the anterior rhinencephalon  of the 2nd day mouse 
contained a trace of virus, none was recovered in the 3rd day animal, and enough 
virus to kill all three mice after short incubation periods was present in the 5th day 
animal.  In none of these was virus detected in the rest of the brain.  In the 7th 
and 10th day mice no virus was found in either part of the brain. 
From a review of these results, it appears that after nasal instillation 
in young mice, the virus first invades and multiplies somewhere in the 
anterior rhinencephalon and only after  a  certain interval spreads to 
the remainder of the brain, where it undergoes further multiplication 
until the animal dies.  In old mice the virus also invades the anterior 
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TABLE  III 
Extent of Invasion  of Virus in Centra~ Nervous Systems of Young and Old Mice at 
Various Intervals after lts Nasal Instillation 
Amount of virus given intranasslly 
D.03 cc. of  10  ~  mouse brain 
suspension in broth (104 to 
I0  5  M.C.L.D.) 
0.03 cc. of 10-~ of same sus- 
pension (10  t to 104 lt.C.L.v.) 
Part of brain tested 
for virus 
Anterior  rhin- 
encephalon 
Remainder  of 
brain 
Anterior  rhin- 
encephalon 
Remainder  of 
brain 
Time after 
nasal 
instillation 
3-5 min. 
5 hrs. 
2 days 
3  a 
7  " 
10  " 
16  " 
3-5 rain. 
5 hrs. 
2 days 
3  " 
5  " 
10  " 
16  " 
2  days 
3  " 
7  " 
10  " 
2  ¢c 
3  cc 
5  ~ 
7  " 
10  " 
Age of mice 
15 days  About 1 yr. 
O, O, 0  O, O, 0 
O, 0, 0  0, 0, 0 
2, 2, 2  3, 4, 5 
2, 3, 3  2, 3, 8 
2, 2, 2  2,  2,  3 
,  ? (0,  0,  0 
~2, 2, 3 
*  O, O, 0 
*  0, 0, 0 
0, 0, 0  0, 0, 0 
0, 0, 0  0, 0, 0 
3, 0, 0  0, 0, 0 
2, 3, 4  0, 0, 0 
2, 2, 2  5, 0, 0 
*  t  [0,  0, 0 
~2, 4, 5 
*  0, 0, 0 
*  0,0,0 
3, 3, 3  4, O, 0 
2, 2, 2  O, O, 0 
2, 2, 2  3, 4, 4 
,  t:0, 0, 0 
~0, 0, 0 
•.  (0,  O, 0 
T ~0, 0, 0 
0, 0, 0  0, 0, 0 
2, 2, 2  0, 0, 0 
2, 2, 2  0, 0, 0 
. (0, O, 0 
*  T o,o,  0 
• (0,  O, 0 
*  T ~0, 0, 0 
Figures and asterisks same as in Tables I  and II. 
t  Indicates that two animals were tested for virus on the day mentioned. 24  VESICULAR  STOg.ATITIS  VIRUS.  I 
day.  In completely resistant animals which show no signs of disease, 
it either does not spread beyond the anterior rhinencephalon or if it 
does, fails to multiply in the remainder of the brain.  In the partly 
resistant old mice, i.e. those which exhibit signs of encephalomyelitis 
after some delay, the virus reaches, and multiplies in  the remainder 
of the brain, but the interval between infection of the anterior rhinen- 
cephalon and involvement of the remaining cerebral tissue  appears 
to be much longer. 
In the light of the present findings, it is important to recall that 
after intracerebral  injection  of this  virus,  young and  old  mice  are 
equally susceptible to infection.  Thus,  while direct inoculation into 
the brain of a  minimal amount of virus is fatal  in  old  mice, larger 
amounts may be present in  the anterior rhinencephalon for a  num- 
ber of days after nasal instillation,  without involving those parts of 
the C.N.S.,  damage of which leads to signs of encephalomyelitis and 
to death.  It seemed possible,  therefore,  that  nasally  instilled  and 
intracerebrally injected virus may, perhaps, be distributed by differ- 
ent" pathways within the C.N.S. 
Spread of Intracerebrally Injected Virus in the Central Nervous System 
of Old Mice.--A consideration of the different behavior of intracere- 
brally injected and intranasally instilled virus in  old mice suggests 
that the former might have spread to various parts of the brain by 
way of the cerebrospinal fluid in the subarachnoid space or ventricles, 
while the latter might have traveled in a closed system along specific 
tracts.  The apparent halting of the progression of the virus at certain 
points in the brain of intranasally instilled animals might thus be due 
to the presence of certain barriers, perhaps in the form of localized 
zones of insusceptibility.  If virus placed in the brain spread by the 
way of the spinal fluid, it was believed that within a short time after 
inoculation into one side of the brain it should be demonstrable in the 
opposite  side. 
To test this point, two groups of 1 year old mice were  injected intracerebrally 
well to the right of the dorsal midline and approximately in ,the parietal region. 
One group received 0.03 cc. of 10  -~ dilution of virus (101 to I0  ~  ~r.e.L.D.) and the 
other the 10 -4 dilution of the same material (102 to 10Sx~.e.L.D.).  One mouse from 
each group was exsauguinated at 45 minutes and another at 24 hours after inocula- 
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The cerebellum, pons, and medulla having been cut away, the brain was divided 
in the midline along the longitudinal fissure and the right and left hemispheres 
examined separately for virus.  Each hemisphere was ground in 1 cc. of  broth, 
while the dorsal and lumbar cord, in 0.5  cc.  Of each suspension 0.03  cc. was 
introduced into the brain of each of three test mice. 
The  probability of recovering virus from one of the hemispheres depended, 
under the conditions of this experiment, on its content of at least 10 to 30 ~r.C.L.D. 
Consequently it was not surprising to find that no virus was detected at 45 minutes 
in any part of the C.N.S. of the mouse given 10 to 100 M.C.L.D., but rather unex- 
pected was the fact that this should also obtain for the animal receiving 10  ~ to 10  ~ 
xf.C.L.D. (Table IV).  It appeared likely that a  considerable fraction of the in- 
jected virus had either been removed or rendered non-infective within 45 minutes 
TABLE  IV 
Spread of Virus in Central Nervous System of Old Mice after Intracerebral Injection 
Amount of virus injected intra-  Time after 
cerebrally on right side  inoculation 
hrs.  [ 
0.03 cc. of  10  -5  (10  x to  102  [  0.75  I  0,0,0 
M.C.L.n.)  24.0  2, 2, 4 
0.75 
24.0 
1.5 
24.0 
0,03  ec. of 10  ~  (10  ~ to  10~ 
M.C.L.D.) 
0.01 cc. of  10  -1  (105  to  10  e 
M.C.L.D.  ) 
Presence of virus in central nervous system 
Right  Left  hemispere  hemispere  Cerebellum  Dorsal and  lumbar cord 
0, 0, 0 
2, 3, 3 
3, 4, 5 
2, 2, 3 
0, 0, 0 
3, 3, 3 
O, O, 0 
2, 3, 3 
4, 5, 5 
2, 4, 4 
n, t. 
c¢ 
¢c 
3, 5, 0 
3, 4, 4 
O, O, 0 
3, 3, 4 
O, O, 0 
O, O, 0 
0, 0, 0 
2, 2, 4 
Abbreviations as in Table I. 
after inoculation, although a certain amount of it, probably insufficient for detec- 
tion, must have remained.  In the mice examined at 24 hours, both hemispheres, 
and in one instance the lower cord as well, contained abundant virus.  The results 
failed, however,  to answer satisfactorily the  question of this experiment, since 
widespread distribution of virus at 24 hours is in itself no indication of spinal fluid 
spread. 
Another group of 1 year old mice was therefore injected in the same way but 
with more virus (10  ~ to l0  s ~.C.L.D.).  Mice were ether~zed at 1½ and 24 hours and 
in addition to the tissues previously tested for the presence of virus, the cerebellum 
was  also included.  The  results  (Table IV)  reveal that  in  this  test virus was 
demonstrable within 1½ hours in both hemispheres and cerebellum, but not in the 
cord, while at 24 hours all tissues examined contained considerable quantities. 26  VESICULAR  STOMATITIS  VIRUS.  I 
The  data  obtained  in  these  experiments  show  that  after  intra- 
cerebral injection, virus is rapidly distributed to remote parts of the 
brain, and even when the amount originally deposited in a certain area 
is too small for detection by the methods here employed, it readily 
multiplies within less than 24 hours. 
The observation made in  the earlier  experiments  that  after nasal 
instillation  appreciable  amounts of virus are present in the  anterior 
rhinencephalon  for  at  least  2  or  3  days,  without  involving  the  re- 
mainder of the brain, becomes more significant.  The fact that even a 
minimal amount of virus given intracerebrally becomes readily detect- 
able, even in remote parts of the brain, within 24 hours suggests that 
in  the old mice which are resistant  to nasal instillation  the  virus is 
arrested in its progression somewhere in the anterior rhinencephalon, 
where some sort of effective barrier therefore exists. 
Local Multiplicatio~  of Virus after Nasal Instillation in Young and 
Old Mice.--In view of the different behavior of this virus within the 
C.N.S. of young and old mice, it was of interest to determine whether 
or not the age of the host exerted any influence on the fate of virus 
deposited on the nasal mucosa, particularly since its olfactory portion 
is the seat of many nerve cells, the olfactory neurones of the first order. 
One group of 15 day old mice and another  of animals about 1 year old were 
instilled nasally with virus (N.J.), each receiving approximately 10  5  M.C.L.D. in 0.03 
cc. of broth.  At intervals of 1 hour and 2, 4, and 5 days, mice were exsanguinated; 
the  entire  mucosa was scraped  out and prepared  as already  described under 
Methods.  The undiluted  centrifuged, supernatant  liquid and  tenfold dilutions 
of it in  broth were inoculated intracerebrally  into  each of two mice.  Since a 
variable number of old mice succumb with encephalitis after nasal instillation 0f 
virus, it appeared advisable to test separately the nasal mucosa of a number of 
animals to disclose any individual variation. 
The  data  summarized  in  Table V  reveal significant  although  un- 
expected results.  In both young and old mice sacrificed 1 hour after 
nasal instillation  of approximately  105 ~.C.L.D.,  no virus was demon- 
strable in  the  nasal  mucosa.  Considering  the  total  volume  (2  cc.) 
of fluid in  which  the  tissue  of each  mouse was suspended  and  the 
amount  (0.03  cc.)  which  constituted  the  test dose for intracerebral 
inoculation, it is clear that approximately 66 M.C.L.D. would have to be 
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plain, nevertheless, that, with the possible exception of a  very small 
amount  of  virus  (not  demonstrable  in  this  instance),  most  of  the 
original 10  5 ~.C.L.D. disappeared  from the nasal mucosa shortly after 
instillation.  2 and 4 days later, however, the mucosa of young mice 
contained  sufficient  virus,  detectable  even  in  10  -s  dilution  of  the 
centrifuged suspension. 
In old mice, on the other hand, virus was recovered in low concen- 
tration (1:10 of centrifuged suspension) from the nasal mucosa in only 
TABLE V 
Presence of Virus in Nasal Mucosa of Young and Old Mice at Varying Intervals 
after Nasal Instillation of 10  5 ~.C.LD. 
Age of mice  supply-  Time  after  nasal  Mouse  ing nasal mucosa  instillation 
1S days 
About 1 yr. 
1 hr.  1 
2 days  2 
4  "  3 
lhr.  1 
2 
3 
2 days  4 
5 
6 
5  "  7 
8 
Test of virus  in ccatrifuged  suspension  of nasal  mucosa 
Undiluted 
O, 0 
2, 2 
3, 4 
0, 0 
0, 0 
0, 0 
O, 0 
O, 0 
2, 3 
0, 0 
4, 6 
1:1o 
O, 0 
3, 3 
3, 3 
0, 0 
0, 0 
0, 0 
0, 0 
0, 0 
3, 4 
O, 0 
4, 4 
1:10o 
0, 0 
0, 0 
3, 3 
0, 0 
n.t. 
cC 
0, 0 
0, 0 
0, 0 
O, 0 
O, 0 
1:1,000 
n. t. 
3, 0 
6, 0 
n.t. 
0, 0 
0, 0 
0, 0 
O, 0 
O, 0 
Abbreviations as in Table I. 
one of three animals sacrificed on the 2nd and one of two on the  5th 
day.  The failure to demonstrate virus in this tissue of many old mice 
at a  time when it is readily detectable in the anterior rhlnencephalon 
suggests that the C.N.S. may be invaded with no, or very slight and 
transitory local multiplication. 
Factors Concerned in Arresting  Virus Progression in Brains  of Old 
Mice.--The  apparent  failure  of virus  to  progress  beyond  a  certain 
region in the brain may be due to a number of elements, but first it is 28  VESICULAR  STOMATITIS  VIRUS.  I 
essential to establish, as well as can be, whether these factors exist in 
the animal before experimental infection is initiated, or whether they 
are the result of a  rapidly acquired, specific immunity.  If the arrest 
of virus progression were due  to a  preexisting, localized barrier,  the 
intracerebral inoculation of a  small amount of virus, at a  time when 
the  anterior  rhinencephalon is  known  to  contain  readily detectable 
amounts of the infective agent,  should be capable of circumventing 
such a barrier and inducing a lethal infection.  If, however, the further 
progression of virus is inhibited by the development of specific tissue 
immunity  in  the  rest  of  the  brain,  such  an  inoculation  into  mice, 
previously given virus by way of the nose, should prove innocuous. 
TABLE  VI 
Is the Arrest of Virus Spread in the Brains of Nasally Instilled Old Mice the Result 
of Preexisting Conditions or of a Rapidly Acquired Specific Immunity? 
History of mice 
Old mice 2 days after nasa2 instillation of 10  -~ vires 
suspension (N. J.) (10  4 to 10  t ~.e.L.D.) 
Normal old mice, controls 
Old mice 4 days after nasal instillation of 10  -~ virus 
suspension (10  4 to 10t M.e.L.D.) 
Normal old mice, controls 
[  Effect  of intracerebral 
No. of mice I injection  of 0.3 cc. of 10  "s 
inj~ted  [  suspensionofglycero-latedvlrus 
(about 1 g.C.~.D.) 
* 5, 5, 8, 8, 0, 0 
6  4, 4, 5, 7, 0, 0 
6  4, 4, 4, 5, 5, 0 
6  4, 5, 5, O, O, 0 
* The numbers indicate day of death after intracerebral inoculation. 
Two experiments were performed: one employing the N. J. strain and another, 
somewhat modified, the Indiana strain.  In the first experiment (Table VI) twelve 
1 year old mice were each given 0.03 cc. of a  10  -~ dilution of virus (104 to 105 
~.C.L.D.) intranasally.  2 days later, when it was expected that virus was present 
in the anterior rhinencephalon but not in the remainder of the brain, six of these 
mice and six normal t year old controls were injected intracerebrally with 0.03 cc. 
of 10  -~ dilution of glycerolated virus (about 1 g.C.r.D.).  4 days after nasal instilla- 
tion the remaining six mice, along with six normal control animals,  were given a 
similar intracerehral injection. 
As will be observed in Table VI, the amount of virus injected intra- 
cerebrally was in the minimal infective range, since only four of the six 
control animals succumbed in the first, and three of six control mice ALBERT  B.  SABIN  AND  PETER  K.  OLITSK~  29 
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in the second group.  Of six mice which had received virus intranasally 
2 days prior to the intracerebral injection, four succumbed, or the same 
number as among the control animals, while of the six mice inoculated 
intracerebrally 4  days after the nasal dose, five succumbed, as com- 
pared with three of the six control animals.  These results suggest, 
therefore, that no appreciable tissue immunity existed in the brain at 
the time when the progression of virus appears to be held up.  One 
objection, however, is that the experiment as carried out gives no clue 
to the number of mice that might have died as a  result of the nasal 
instillation per se.  Although on previous occasions a mortality of 75 
per cent among nasally infected old mice never occurred, it was decided 
to repeat this experiment with an attempt to control this point. 
Six 15 day old and twenty I year old mice were each given intranasally 0.03 cc. 
of 10  -3 dilution (104 to 104 M.C.L.D.) of the Indiana strain.  The six young mice and 
ten of the old ones served as controls for the effect of the nasally instilled virus. 
At intervals of 3 and 5 days, five old mice, along with five 1 year old, normal 
controls, were  injected intracerebraUy  with 0.05 cc. of 10  -~ dilution of glycerolated 
virus (i to 10 ~.C.L.D.). 
The results, summarized in Table VII, show that while all the young 
ones succumbed, only two of the ten 1 year old mice developed signs of 
encephalomyelitis.  In the intracerebrally injected group  all of the 
ten normal control animals died and nine of the ten old mice, having 
had preliminary nasal instillation of virus, developed signs of encepha- 
lomyelitis.  It seems clearly evident, therefore, that there is no rapid 
development of tissue immunity in the brains of these old mice and 
that the factors concerned in the arrest of virus progression are prob- 
ably preexistent and limited only to special areas of the brain. 
DISCUSSION 
The present investigation was undertaken primarily to discover in 
what way the pathogenesis of vesicular stomatitis virus disease in old, 
resistant mice varied from that in young, susceptible animals.  It was 
clear from the beginning that it was not a  question of an acquired 
resistance of the entire C.N.S.,  since injections of virus directly into 
the brain  found young and old  animals  equally susceptible.  It  is 
only after the virus is given by a peripheral route that the resistance 
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The course of events after nasal instillation of the virus was investi- 
gated first.  No evidence of a generalized systemic or blood infection 
conld be found in either the young or old animals,  i hour after nasal 
instillation of as much as I00,000 ~.C.L.D. in young mice, no virus (or 
less than 60.to 70 M.C.L.D.) could be demonstrated in the nasal mucosa. 
Tests on the olfactory bulbs within a few minutes and S hours after 
instillation also failed to reveal any virus.  2 days later, however, it 
was abundant in both the nasal mucosa and the anterior rhinenceph- 
alon, but was either undemonstrable or present in only a trace in the 
remainder of  the  brain.  On  the  4th  day,  when  the  young mice 
showed definite clinical signs of C.N.S. involvement, virus was present 
in large amounts in the brain and nasal mucosa.  In old mice the 
nasally instilled virus disappeared just as readily but failed later to 
become detectable in  some  of  them while  it  reappeared in  small 
amounts in others.  It is significant, therefore, that virus was readily 
demonstrable in the anterior rhinencephalon  of practically all the mice 
tested between the 2nd and 5th days.  In the remainder of the brain, 
however, none was found during this period with one exception,  in 
which only a minute amount was present as compared with the con- 
siderable quantity in the anterior rhinencephalic portion of the same 
brain.  Other mice sacrificed on the 7th,  10th, and 16th  days after 
nasal instillation showed no virus in any part of the brain.  In one 
animal without any clinical signs  of disease,  when sacrificed on the 
7th day, virus was found in both the anterior and posterior parts of 
the brain; this mouse might have been one of those which develop 
clinical signs of encephalitis as late as I0 or even 14 days after instilla- 
tion.  It  was  clear,  however,  particularly  from  experiments with 
smaller doses,  that in old mice, which show no signs of disease after 
nasal instillation, the anterior rhinencephalon could contain consid- 
erable amounts of virus from the 2nd to  the Sth day, which  then 
could disappear without apparently involving the rest of the brain. 
The question arose now as to why the virus present in the anterior 
rhinencephalon failed to infect the rest of the brain, especially since 
minimal amounts are capable of inducing a  fatal encephalitis when 
injected directly into the brain.  One explanation which suggested 
itself was that virus which reaches the brain from the nose may travel 32  V~SICULAR  STOMATITIS  VIRUS.  I 
in a  closed system of nerve cells and cell processes, and in old mice 
may encounter zones in which its progression is inhibited, but when 
it is injected intracerebrally it may spread by way of the spinal fluid 
in and out of the ventricles and reach those parts of the C.N.S. which 
remain  susceptible.  Experiments  on  the  fate  of  intracerebrally 
injected virus revealed that after such an inoculation it easily spread 
to  remote  parts  of  the  C.N.S.  It  appeared,  furthermore,  that  a 
certain  amount of virus  is  either  washed  away  (or  rendered  non- 
detectable), for when doses ranging from  10 to  1,000  ~t.C.L.D. were 
injected intracerebrally,  none  could be  recovered by  the  methods 
employed 45 minutes later.  Within 24 hours, however, virus became 
abundant and widely scattered throughout the brain.  Yet after nasal 
instillation, readily demonstrable amounts of virus could remain in 
the anterior rhinencephalon without spreading to the rest of the brain. 
The suggestion was very strong, therefore, that under these circum- 
stances virus was progressing in a  closed system and was halted by 
some impenetrable barrier.  The next question to be considered was 
whether this hypothetical barrier exists in the animal before it is ex- 
posed to the virus, or whether it represents a rapid acquisition of spe- 
cific tissue immunity.  In other words, does the virus fail to progress 
in old mice because the remainder of the brain has become immune by 
the time it is reached, or does it remain susceptible, the spread of the 
virus being inhibited by a  preexisting, localized, insusceptible zone? 
In the experiments undertaken to  answer this question, it was at- 
tempted to circumvent such a  zone, if one existed, by direct intra- 
cerebral injection of minute amounts of virus in old mice at intervals 
of 2, 3, 4, and 5 days after nasal instillation, when the anterior rhinen- 
cephalon of these animals would be expected, from previous experience, 
to contain virus.  If the brain had acquired an immunity in that short 
time, the intracerebral inoculation of this small amount of virus would 
be without effect and the mice should remain well.  If, on the other 
hand, the brain as a whole were still susceptible, these animals would 
die, while the uninoculated, nasally instilled controls survive.  The 
mice injected intracerebrally at the stated intervals after nasal instilla- 
tion succumbed as did the uninstilled controls, and no evidence of 
rapidly  acquired  cerebral  immunity was  therefore  revealed.  The ALBERT B,  SABIN AND  PETER  K.  OLITSKY  33 
hypothesis of a preexisting barrier to the spread of the virus was thus 
strengthened.  ~ 
S~Mlvt'A.Ry 
1.  After  intracerebral  injection  or  nasal  instillation  of  vesicular 
stomatitis virus in young or old mice, there was no evidence of a 
generalized, systemic or blood infection. 
2.  Within  1  hour  after  nasal  instillation of as  much as  100,000 
M.C.L.D. in young  or old mice, no virus (i.e., less than 60 to 70 M.C.L.D.) 
could be demonstrated in the nasal mucosa.  2 days later and there- 
after virus was abundant in the nasal mucosa of young mice, while 
among old mice it remained undemonstrable in some and present in 
small amount in others. 
3.  Virus was not detected in the anterior rhinencephalon of young 
and old mice within a few minutes and 5 hours after nasal instillation, 
but was almost uniformly demonstrable in this region, although not in 
the rest of the brain, on the 2nd day.  This indicated that the primary 
invasion of the brain occurred by the olfactory rather than the fifth 
nerve pathway. 
4.  The essential difference in the further pathogenesis of the dis- 
ease between the young mice which succumb with encephalomyelitis 
(5th day)  and the old mice which survive without showing clinical 
signs of brain involvement, is in the progression of the virus from the 
anterior rhinencephalon.  In the young the rest of the brain is in- 
vaded, while in the old resistant mice it is not, the progression of virus 
being arrested somewhere in the anterior rhinencephalon. 
5.  Since minimal amounts of virus injected intracerebrally  were 
shown to be disseminated quickly through the entire brain, killing old 
as well as young mice, it was clear that virus so inoculated must spread 
differently  from  that  which  reaches  the  brain  by  the  olfactory 
pathway. 
In discussing some of the present  findings  (previously reported in abstract 
form), Doerr  (3)  suggested that  the development of a  solid cerebral immunity 
rather  than  any  hypothetical,  preexisting  barrier  may be  responsible  for the 
arrested infection.  The results of the present investigation revealed no evidence 
of such an immunity in the early stages. 34  VESICULAR STOMATITIS VIRUS.  I 
6.  That the arrest of virus progression in the brains of certain old 
mice is the result of a  preexisting, localized barrier,  developed with 
age, and is not due to a rapidly acquired, specific, cerebral immunity 
was shown by the failure of old mice to resist an intracerebral injection 
of 1 to 10 x¢.C.L.D., 2, 3, 4, or 5 days after preliminary nasal instillation. 
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